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It was reported by Chase in 1950  that the cells  of the lymph nodes and spleens 
of guinea pigs which showed both marked skin sensitivity and high serum titers  of 
anaphylactogenic  antibodies  to  picryl  chloride  were  capable  of  transferring  such 
sensitivities  to normal guinea pigs, following intravenous  transfusion  of these cells 
(1, 2). This approach was adapted in this laboratory to the system consisting of the 
hind  foot pad  of the rabbit  as  the  site  of deposition  of antigen  and  the popliteal 
lymph node as a primary source of antibody to the injected antigen. In earlier studies 
of this series it was found that cells could be teased from the popliteal lymph nodes 
of rabbits  4  days after  an injection of dysentery bacilli  in the hind  foot pad and 
that the intravenous injection of such cells into fresh rabbits gave rise to the appear- 
ance of agglutinins in the sera of recipient rabbits  in a  characteristic pattern.  Ago 
glutinins  specific to  the  antigen  injected  into  the  donor animals  appeared  in  the 
sera of the recipients on the 1st day after transfer of the lymph node cells. The serum 
titer rose on the 2nd day after  transfer  and generally reached its peak on the 3rd 
day. By the 5th day the agglutinin titer began to decline and fell below the threshold 
of measurement used in these studies somewhere between  the 23rd and 40th days. 
Injury of the cells in various ways prior to the transfer to recipients resulted in the 
inactivation  of this  effect. Thus  agglutinins  to dysentery bacilli  did not appear  in 
recipient rabbits during the first 3  or 4  days following the  transfer of lymph node 
cells which had been frozen and thawed alternately 3 times in a dry ice alcohol bath, 
or heated at 52°C. for 20 minutes, or suspended in distilled water, or incubated over- 
night at 37°C. The cells  so treated  were found to retain trypan blue dye  when ex- 
posed to it (3, 4). 
Similar  relationships  could also  be  demonstrated  in other  regions of  the  rabbit 
body. Thus, following injection of antigen into the fore foot pad the  transfusion of 
cells of the axillary lymph node resulted in the appearance of agglutinins in the sera 
of recipients in a similar pattern, and following intravenous injection of antigen into 
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the donor animal  the ceils  of its  spleen  were  found to be effective.  By the use of 
simultaneous  injection of different  antigens  into  the various parenteral  sites  men- 
tioned, and simultaneous collection of lymphatic organs for cell preparations, it was 
possible  to show that of the lymphatic organs mentioned each  was most effective 
in producing the transfer effect to  the antigen injected  into  the tissue drained  by 
that organ (5). 
In the great majority of the experiments just described an interval of 4 days 
was allowed between the injection of antigen and the collection of lymph node 
cells. At this time antibody was present in high titer in the serum of the donor, 
and  antibody could also be extracted  from the  cells  teased  from  the  lymph 
node.  It was  considered  of interest  to investigate  the  effect of variations  in 
the  interval  of time  between  the  injection  of antigen  and  the  collection  of 
lymph node cells in an effort to determine the optimum value of this interval 
for the cell transfer effect, and the range of this interval over which the effect 
could be elicited.  In the experiments  to be reported  the interval between the 
injection of the  donor animal  and  the  collection of its lymph node cells was 
increased  from 4  days up  to  21  days,  to  include  the  period  when  antibody 
is no longer demonstrable  in the extracts of cells of the lymph node draining 
the site of injection of the antigen, and decreased from 4 days to less than an 
hour,  to include the period of time, after injection of antigen,  when antibody 
is not yet demonstrable  either  in  the  serum  or  in  the draining  lymph node. 
These  experiments  were  all  performed  with  a  suspension  of  killed  Shigella 
paradysenteriae  as the antigen. 
Materials and Methods 
Animals.--Rabbits of various strains  were injected with antigen  for use as donors. The 
weight of these rabbits was approximately  2 kg. The rabbits  used as recipients weighed, on 
the average, 1 kg. 
Preparations of A ntigen.--Dysentery bacilli, Shigella paradysenteriae, were grown on tryp- 
tose agar for 18 hours, after which they were washed three times in sterile isotonic saline solu- 
tion, killed by exposure to 70 per cent alcohol for 3 hours, and resuspended in saline solution. 
In the earlier experiments to be reported here injections into the pads of fore or hind feet of 
rabbits were of 0.2 ml. of a 1 per cent suspension (1 nag. dry weight). In later experiments this 
dose was reduced 10-fold (0.2 ml. of a 0.1 per cent suspension). 
Collectio, of Lymph Node Cd/s.--At various intervals  after the injection  of antigen,  as 
indicated  below, the donor rabbits  were sacrificed, heart blood was obtained,  and the pop- 
liteal  lymph nodes were excised. In some experiments the front foot pads  of the  animals 
had been injected and the axillary lymph nodes were also removed. The lymph nodes were 
trimmed free of fat and were bathed in the medium described below. The procedures for the 
preparation  of the suspensions of lymph node cells and the supravital  staining technic used 
have been described in detail previously (4) and were derived from Chase (1, 2, 6) and used 
with minor modifications. 
For bathing the whole lymph node and for preliminary washing of the lymph node cells, 
Tyrode's solution was used, prepared without sodium bicarbonate but with ~  of 1 per cent 
of Knox bone gelatin added, and then brought to a pH of 7.2. For the final washing and the S.  HARRIS  AND  T.  N.  HARRIS  271 
suspension of cells to be injected into the recipient animal, the complete Tyrode's solution 
was used with sterile normal rabbit serum at a  final concentration of 7~ per cent. 
The trimmed lymph nodes were bathed in Tyrode-gelatin solution and kept in an icehath. 
Each node was teased with the use of 2 dissecting needles, one serving to anchor the node and 
the sec,  ond to penetrate and pull at  the tissue.  The teasing resulted in the outpouring of 
streams of whitish material into the solution. The teasing was continued until the lymph 
nodes were quite torn and ragged. The cells were collected with a Pasteur pipet into a 50 ml. 
centrifuge tube which was kept in an icebath. The pieces of solid tissue remaining were placed 
on a  sieve of 40 mesh stainless steel, which was supported on a  Coors mortar and covered 
with Tyrode-gelatin solution. The tissue was stirred occasionally and gently squeezed with 
forceps to help release any loosely adherent cells, which then passed through the wire mesh 
into the mortar. After all the lymph nodes were teased, the cells which had settled in the mor- 
tar were pooled with those obtained directly from the teasing, and all were poured through 
a sieve of 80 mesh stainless steel in order to remove tissue debris and larger clumps of cells. 
After the addition of Tyrode-gelatin solution in at least four times the volume of the cell sus- 
pension the preparation was centrifuged at  1400 R.P.u.  for 5  minutes, and the superuatant 
fluid, which was usually not entirely clear, was removed without disturbing the sediment of 
cells.  With a  Pasteur pipet Tyrode-rabbit serum was gently added at the sides of the glass 
tube. The resulting suspension of cells was transferred to a  graduated 12 ml. pointed centri- 
fuge tube for the packing of cells.  To the cell suspension was added Tyrode-rabbit serum 
and the material was centrifuged for 5  minutes at  600 R.p.u.  After removal of the super- 
natant fluid Tyrode-rabbit serum was added to make a  1: 6 suspension of packed cells.  From 
this suspension aliquots were taken for the following procedures: (a) a  total leucocyte count, 
(b) a determination of percentage viability of the cells,  (c) extraction for content of dysentery 
aggiutinin, (d) smears to be stained with May-Griinwald-Giemsa and Wright stains and (e) 
injection into recipient rabbits. During all the manipulations the cell suspension was kept 
in an icehath. 
Ce//Counts.--Totai cell counts were performed by drawing cells up to the 0.5 mark in a 
white blood cell counting pipet and diluting (i: 20) with 0.5 per cent acetic acid. After thorough 
shaking in a  mechanical shaker, counts were made in a  standard hemocytometer by reading 
the number of cells in 0.02 c.mm.  (as for a  red blood cell count), and then multiplying by 
1000 to obtain the number of cells per c.mm. 
To ascertain viability of the cells, some of the suspension was drawn up into a white blood 
cell counting pipet and diluted with a  mixture of four parts of sterile normal rabbit serum 
and 1 part of 2 per cent trypan blue. In addition to the total count of cells,  those cells were 
counted which had been colored by the try-pan blue dye. It was thus possible to determine the 
percentage of ceils which adsorbed the dye and were presumably no longer viable. 
Tra~fer of Cdls.--The cell suspensions thus prepared were well mixed, drawn up through 
a  25 gauge needle into a  syringe and then injected intravenously into fresh recipient rabbits. 
The recipient animals had been bled prior to the transfer and were bled from the ear veins 
1, 2, 3, 4, 5, 7, 9,  16, 23, and 30 days after the transfer. The sera obtained were tested for 
the presence of aggiutinins to Skigella paradysenteriae. 
Serologic Tests.--The  aliqunts taken from the cell suspension for serologic testing were 
prepared by adding a  given volume of physiologic saline solution (usually 7 volumes), then 
freezing at  -70°C.  in a  bath of dry ice and alcohol for 10 minutes and thawing. This was 
repeated three times and the extract was separated from the debris of cells by centrifugation 
at 3000 R.P.~ 
Such cell extracts, as well as sera of recipient rabbits, were tested in the following manner: 
Dysentery aggiutiulns were measured by preparing serial 2-fold dilutions of the specimens 
to be examined, in volumes of 0.4 ml., and adding to each tube 0.2 ml. of a suspension of a]- 272  STUDIES  Olq  TRANSFER  OF  LYMPH  NODE  CELLS.  HI 
cobol-killed organisms having a  dry weight of 0.3 rag.  per mi.  (0.06  per cent suspension). 
After incubation for 1 hour at 37°C. and 2 days in the refrigerator, the tubes were read by the 
pattern of organisms, which affords a clear cut system of reading. In the presence of consider- 
able excess of antibody a pattern of coarse floccules is obtained. With less antibody in a tube, 
a  pattern of very fine aggregates of agglutinated bacterial cells is spread over the concave 
bottom of the tube. In the absence of antibody the unaggiutinated organisms are found in a 
small round mass in the center of the bottom of the tube. The last two patterns are read as 
2 and 0, respectively. Intermediate between these is the pattern consisting of a central mass of 
organisms smaller than that read as 0, surrounded by a halo of very fine aggregates such as 
comprise the pattern read as 2. This last pattern is designated as 1. The titer of the specimen 
is taken as corresponding to the highest dilution showing a reading of 2, if the following tube 
is read as 0. If the tube following the last one read as 2 has a reading of 1, the titer is taken 
as half a  2-fold step higher. Such values were assigned on the basis of repeated titrations of 
given sera, in which finer steps of dilution were interpolated in the 2-fold series. Such titra- 
tions have also shown that in a dozen repetitions of a  titration of given specimens of serum, 
lymph, or lymph node extract the titers were reproduced within half a  step of serial 2-fold 
dilution. 
X-Irradiation of Redpients.--Recipient rabbits were exposed to 425 r whole body x-irradia- 
tion (200 kv.; 20 ma.; 67.5 cm. distance from the target to the bottom of the container, yield- 
ing 18 r  (air) per minute; 0.5 ram. copper plus 1 ram. aluminum filtration; half value layer  1 
ram. copper)  24 hours prior to the transfer of lymph node cells.  This dose of x-irradiation 
resulted in the death of 47 per cent of these 1 kg. rabbits within 2 weeks of exposure, 
EXPER IM'~.NTAL 
As indicated above, the present study was directed at an exploration of the interval of 
time between injection of the donor animal with antigen and the collection of its regional 
lymph node cells.  This departure from the previous fixed  interval of 4  days involved the 
following experimental considerations: In the experiments previously reported, lymph node 
cells had been collected after the 4 day interval and transferred within a  few hours, during 
which time precautions were taken to injure the cells as little as possible. The transfer of 
these cells was followed by the appearance of aggiutinins in the recipient animal in the manner 
described above. When such lymph node cells were heated or otherwise injured, agglutinins 
to dysentery bacilli did not appear in the sera of recipients in the first few days after transfer. 
On occasion such aggiutinins did appear, in relatively low titer, on the 4th to 7th day after 
transfer of such injured cells.  Because of the time of appearance of antibodies under these 
conditions, their time curve of increasing titer and their magnitude of titer, the appearance 
of aggiutinins in the recipients of injured cells was attributed to the fact that small amounts 
of antigenic material had been present in the cell suspension transferred and were musing 
active immunization in the recipient. Since the experiments to be described were planned to 
involve intervals of less than 4 days, it was felt that more antigen might be transferred with 
the cell suspensions in these cases; it was thus especially important to distinguish antibody 
which could be attributed to the activity of uninjured cells transferred from that which might 
result from active immunization of the recipient by antigen carried over with those cells. 
Accordingly, each experiment in this group was carried out in the following manner: At a 
given time after the injection of antigen into the pads of the hind feet of the donor rabbits, 
the popliteal lymph nodes were excised and teased, and the cell suspensions were prepared 
therefrom. That Volume of suspension which contained 0.15 ml. of packed cells was injected 
within the hour into each of a number of rabbits, and equal amounts of each suspension were 
incubated at 37°C. with penicillin and streptomycin. After 24 hours of such incubation cell 
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retained the blue dye, indicating that they were no longer  viable. Alternatively, heating of the 
cell suspension at 52"C. for 20 minutes was used as the means of injuring the cells. The cells 
were then injected into recipient rabbits and the rabbits were bled at the usual intervals. 
Since it had been found that this treatment prevents the appearance of antibody, except that 
which may be ascribed to antigen transferred with the cells, it was thought possible to dif- 
ferentiate in this way between the cell transfer effect and active immunization. 
Findings after 4 Day to 21 Day Intervals 
4 Day IntervaL--Lymph node cells obtained from donor rabbits 4 days after 
the injection of antigen and transferred to normal rabbits gave rise in the re- 
cipient rabbit to serum antibody titers in the pattern which has been described 
in previous reports (4), and which is shown in Fig.  2. Other portions of the 
same cell suspension were incubated at 37°C.  for 24 hours, and when these 
were injected into recipient rabbits antibodies usually did not appear in the 
latter.  In  some  of the  animals  dysentery agglutinins  appeared  in  low  titer 
on the 4th to 6th day after injection of the cells and rose gradually in titer 
to a range of 12 to 48 on about the 7th to 9th day. In most of the experiments 
such a late rise was noted in some, but not all, of the recipient rabbits. 
5 Day to 21 Day Interval.--Lymph  node cells obtained 5 days after the in- 
jection of antigen and transferred to normal rabbits gave rise to titers which 
were,  on  the  whole,  lower than  that  obtained  with  4  day cells,  but  which 
followed the same general pattern. When such cells were incubated at 37°C. 
for 24 hours prior to transfer, agglufinins did not appear in the sera of the re- 
cipients in the first 4 or 5 days after the transfer. There appeared only an oc- 
casional  rise in antibody titer after the 5th  day which reached a  maximum 
of 12 to 16 and then decreased below a  measurable level. This later appear- 
ance of antibody was not a constant feature and occurred less often than with 
4 day cells. In the case of cells teased 6 or 7 days after the injection of antigen, 
antibody appeared in the sera of recipient rabbits, again in lower titer than 
in the case of 4 day cells.  Again the transfer of such cells incubated at 37°C. 
for 24 hours led to the appearance of agglutinins only after the 4th day. When 
lymph node cells were collected 14 and 21 days after the injection of antigen, 
no antibody could be detected in the sera of the recipients with transfer of 
either fresh cells or cells incubated at 37°C. for 24 hours. The results of some 
of the experiments involving the above intervals are illustrated in Fig. 1. 
Findings after 3 Day to 1 Day Interval 
3 Day Interval.--When  cells were teased from the popliteal lymph node 3 
days after the injection of antigen into the hind foot pad, and transferred to 
other rabbits, agglutinins appeared in the sera of the recipients on the 1st day 
after transfer, increased in titer on the 2nd and 3rd days, and began to decline 
in titer at about the 5th to 7th day. The type of antibody curve obtained was 
thus similar to that obtained with lymph node cells removed 4 days after the 274  STUDI~S  ON  TRANSFER  OF  LYMPH  NODE  CELLS.  I[I 
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injection into the donor. If a  part of the same suspension of cells was incu- 
bated at 37°C. for 24 hours and then injected into recipient rabbit, antibody 
did not appear for a few days. Usually at about the 4th to 6th day antibodies 
appeared in low titer, and increased slowly to a value which was much lower 
than the maximal titer reached in sera of rabbits which had received the un- 
treated calls.  On occasion there was no rise in titer at aLl. The effect of the in- 
jection of incubated 3  day cells was thus similar to that of incubated 4 day 
cells,  except that in those instances in which a  late appearance of antibody 
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FIG. 2. The appearance of agglutinins to Shigdla paradys~ia~ in the sera of recipient 
rabbits of untreated and incubated cells of the popHteal lymph nodes teased  1, 2, 3, and 4 
days after the injection of bacilli in the hind foot pads of donor rabbits. 
was noted the level reached was in general somewhat higher than in the case 
of 4 day cells. This can be seen in Fig. 2. 
Two Day Interval.--Zn  the  case of cell suspensions  prepared from lymph 
nodes  2  days after  the  injection of antigen  and  injected  immediately into 
recipients it was found that antibody never appeared in the serum of the re- 
cipient on the 1st day after the transfer, but rather on the 2nd day. The titer 
then increased until the 4th or 5th day, remained on a plateau for a few days 
and then declined as in the typical case of 4  day cells previously described. 
The sera of rabbits which received cells incubated at 37°C. for 24 hours con- 
tained no demonstrable antibody until the 3rd day or later. When antibody 
appeared it was generally in much lower titer than in the case of recipients of 276  STUDIES  ON  TRANSFER  OF  LYMPH  NODE  CELLS.  IH 
untreated cells. In many instances  the type of response encountered with 2 
day cells which had been  incubated overnight at 37°C. was similar  to that 
obtained with 3 and 4 day cells similarly incubated. Unlike the latter interval, 
however,  the  2  day cells showed  considerably  greater variation both  from 
experiment  to ~xpeHment and in different  recipients  within one experiment. 
In some experiments  the titer of antibody which appeared in later days after 
the transfer of cells incubated for 24 hours at 37°C. was in the range of 12 to 
16 while in other experiments  the peak titer reached  was somewhat higher. 
In most of the latter cases the antibody curve of the recipients  of untreated 
ceils was already declining at a  time when the antibody curves  of recipients 
of the cells incubated at 37°C. was increasing or was at a plateau level. Here, 
too, when a later rise in antibody titer occurred  it tended to reach a higher 
level than with 3 day or 4 day cells. 
I  Day IntervaL--In the case of cells obtained 1 day after the injection of 
antigen into the donor animals antibody did not appear in the serum of the 
recipient  on the 1st or 2nd day following cell transfer, but rather on the 3rd 
day. The titer then rose until the 5th or 6th day, remained on a plateau until 
the 7th to 9th day, and then began to decline. In animals receiving comparable 
lymph node cells incubated at 37°C. for 24 hours agglutinins also appeared on 
the 3rd day and then rose sharply, in many instances following a curve similar 
to that obtained after the transfer of fresh  1 day cells. In a  number of ex- 
periments, however, the antibody titers of recipients of untreated cells reached 
distinctly higher levels than in the case of incubated cells. Typical antibody 
curves obtained with cells at intervals of 1 to 4 days are shown in Fig. 2. 
Findings in X-Irradiated Recipients 
The observation  that in some experiments  involving a  1 day interval the 
titers attained in recipients  of injured ceils were so similar,  both in time of 
appearance  of antibody and in  the maximum titer,  to  the  titers  found in 
recipients  of fresh cells suggested that the transfer of antigen with the lymph 
node cells could be considered responsible for the antibody found in recipients 
of such 1 day ceils. However, the finding in other experiments  that the levels 
of antibody titers in recipients injected with incubated cells were considerably 
lower than in those receiving fresh cells left some doubt as to this interpreta- 
tion, and suggested that in the latter recipients a function of active cells might 
also contribute to the antibody titers observed. 
It was  realized  that this question  could  be resolved  only by eliminating 
the element of active immunization by antigen transferred with the cell sus- 
pension.  In other experiments  under way in the laboratory it was found, as 
many workers have previously described, that a single whole body exposure of 
rabbits to a sufficient dosage of x-rays given prior to the injection of antigen 
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antigen dose, for a  limited period of time (7-11).  It was also found that such 
irradiation did not suppress the transfer effect (12).  It was decided to study 
the transfer of 2 day and 1 day cells using x-irradiated recipients in order to 
resolve this question. 
The first series of experiments was performed with 2  day cells.  The cell 
suspension obtained was injected in part to normal recipients.  Another por- 
tion was injected into recipients which had received 425 r of x-rays 24 hours 
before. The remainder of the cell suspension was incubated at 37°C.  for 24 
hours and then divided, as in the case of the untreated cells, one part for in- 
jection into normal rabbits,  and the other part  into x-irradiated recipients. 
The  sera  of all  recipients  were  tested  for agglutinins to  dysentery bacilli. 
It was found that in  the sera  of normal, non-irradiated recipients of fresh 
cells antibody appeared as usual on the 2nd day after transfer and followed 
the usual type of antibody curve seen previously with 2 day cells. In the sera 
of irradiated rabbits receiving untreated cells antibody also appeared on the 
2nd day after transfer, and then followed a  curve similar to that of the non- 
irradiated group  except  that  in most instances  the antibody curves  of the 
irradiated recipients tended to be somewhat higher. The non-irradiated ani- 
mals  receiving  cells  incubated  overnight at  37°C.  developed  antibody  on 
the 3rd to 5th day after transfer, and the titer followed the course described 
earlier for incubated 2  day cells.  Those animals which had been irradiated 
and then injected with cells incubated overnight at 37°C.  showed no serum 
antibodies  except  in  some  cases  in  which  antibody appeared  between  the 
10th and 21st day after transfer of cells. These results, shown in Fig. 3, con- 
firmed our findings with 2 day cells in the earlier experiments. 
The  same  type of experiment  was undertaken using suspensions of cells 
obtained 1 day after the injection of antigen. It was found that the sera of 
normal recipients of untreated cells showed the same type of antibody curve 
seen  in  earlier  experiments  under  these  conditions.  The  sera  of  irradiated 
recipients of untreated cells were also found to contain antibody on the 3rd 
day after transfer and the titer of this antibody followed the typical curve 
thereafter.  In most instances the first appearance  of antibody in irradiated 
recipients was to a  lower titer than in normal recipients and remained on a 
somewhat lower level throughout. In the sera of normal recipients of incu- 
bated cells antibody appeared on the 3rd day after transfer, and its titer fol- 
lowed the same type of curve seen in the earlier experiments, whereas in the 
sera of irradiated recipients of incubated cells antibody did not appear until 
after the 9th day. Some of these findings are illustrated in Fig. 4. 
The finding that lymph node cells obtained from the donor animal so soon 
after its injection with antigen could give rise to the appearance of antibody 
in  the recipient rabbit  is also of interest in  connection with  the agglutinin 
content of the lymphatic tissue.  In  earlier studies it  was  reported  that no 278  STUDIES  ON  TRANSFER  OF  LYMPH  NODE  CELLS.  HI 
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agglutinin to Shigella could be extracted from whole lymph node tissue under 
similar circumstances; i.e.,  only 1 or 2 days after the injection of dysentery 
organisms into the tissue drained by the lymph node  (13).  However,  since 
the extractions referred to here were of whole lymph node tissue, involving 
intercellular fluid as well as cells, it was necessary to examine for agglutinins 
the cell suspensions as prepared  for transfer. The geometric  mean titers of 
agglutinins found in extracted portions of the cell suspensions used are shown 
in Table I. In this table it can be seen that no agglutinin could be found, in 
the system of measurement used here, in portions of cell suspensions obtained 
I  or 2 days after antigen injection into the donor. In contrast,  a  comparison 
of the data shown in Figs. 2 to 4 shows that the  maximal titers attained in 
TABLE I 
A gglutinin Titers of Extracted Portions of Transferred Cell Suspensions  as Obtained 
at Various Internals after lhe Injection of Antig~ into the Donor Animal 
Interval between injection of antigen and  Geometric mean titer of portions of transferred 
collection of cells  cell suspensions* 
days 
1 
2 
3 
4 
5 
6 
7 
14 
<6 
<6 
32 
80 
48 
24 
16 
<6 
* These suspensions contained approximately 2.5 X  10  e cells per ml., and were trans- 
ferred in volumes  of 0.9 mL per recipient rabbit. 
recipients of such cells are of the same order as those of recipients of 3 day and 
4 day cells. 
Findings after Intervals Shorter Than 1 Day 
Similar experiments were undertaken in this system, in which the cells were 
removed at shorter intervals than 1 day after the injection of antigen, this 
interval being reduced to I6, 8, and 3 hours, 1 hour, and finally to 10 minutes. 
In each case it was found that in the sera of normal recipients of untreated 
cells antibody usually appeared on the 3rd day, and then followed the  type 
of curve seen with cells obtained after longer intervals. In the sera of irradiated 
recipients of untreated cells antibody usually appeared on the 4th day, rising 
in titer to the 7th day, and then declining. The level of antibody titer  was 
generally lower than that seen after transfer of cells obtained after longer in- 
tervals. In the sera of normal recipients of heated cells antibody appeared  on s.  HARRIS AND T.  N.  HARRIS  281 
FIo. 5. Comparison of serum agglutinin titers  of normal and x-irradiated recipients of 
untreated and heated cells of popliteal lymph nodes teased 16 and 8 hours after the injection 
of dysentery bacilli in the hind foot pads of donors. 
the 3rd day, and reached a  level similar to or higher than that of the  irradi- 
ated  recipients of untreated  cells. Antibody was rarely found  in  the  sere  of 
irradiated  recipients  of heated  cells before  the  10th  day.  Typical  data  ob- 
tained  in  this series of experiments are shown in Figs. 5  and 6.  It appeared, 
then,  that  as early as  10  minutes after the  injection  of dysentery bacilli  in 
the  hind  foot pads  of rabbits  it  was  possible  to  obtain  cells  that  could  be 
transferred  to  fresh  x-irradiated  rabbits  with  subsequent  appearance  of ag- 
glutinins to this organism. 282  STUDIES  ON  TRANSFER  O]~ LYMPH  NODE  CELLS.  III 
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DISCUSSION 
The Interval between the Injection of Antigen into the Donor Rabbit  and the 
Collection of Its Regional Lymph Node Cells, in Relation to the Effectiveness of 
the Cells in Transfer.--The data on this subject can be discussed in two parts: 
those obtained in experiments employing an interval of more than 4  days, 
and those corresponding to the shorter intervals. 
On extending the interval between injection of the antigen and collection of 
the cells of the draining lymph node to periods  greater than 4 days, it was 
found that as the interval was increased from 5 to 7 days the antibody titers 
of the recipient rabbits were progressively  somewhat lower and less uniform 
than in the case of the 4 day interval. Cells obtained 2 or 3 weeks after the 
injection of antigen did not give rise to the appearance  of measurable antibody 
in the recipient rabbits. These differences among these cells in terms of their 
effectiveness in transfer are thus in the same direction as the  differences in 
the antibody content of the suspensions of transferred cells, although quanti- 
tative correlations are not feasible with the data available. 
Turning to the shorter intervals between  the injection of antigen and the 
sacrifice of the donor, we find a clear lack of correlation  between the effective- 
ness of cells in transfer and the agglutinin content of aliquots of the cell masses 
injected. Thus, 3 days after the injection of Skigdla into the hind foot pad 
of the rabbit the popliteal lymph node contained substantially less agglutinin 
than is the case after 4 days, but 3 day cells were at least as effective in trans- 
fer as the 4 day cells. Finally, no antibody could be found either in the regional 
lymph or in the serum on the 1st or 2rid day after injection of antigen, but 
cells obtained from popliteal lymph nodes at such intervals after the injection 
of antigen into the donor gave rise to the appearance of antibody in the re- 
cipient in as high a  titer as any which have been observed  following the in- 
jection of this amount of 3 day cells. 
It would appear then, that the effectiveness of lymph node cells in  giving 
rise to antibodies in the recipient  is not related to the  content of formed or 
extractable antibody present in the tissues at the time of transfer. This lack of 
correlation would lend further weight to the thesis that the cells of the lymph 
node removed after injection of antigen contain a mechanism for the synthesis 
of the antibody measured, or some precursor of that antibody. 
These observations  are parallel  to those of Topley, who transferred serum 
and fragments of spleen  from rabbits previously injected with paratyphoid 
bacilli (14). Topley found in the early days after injection of antigen into the 
donor that agglutinins appeared in the sera of recipients  of the splenic frag- 
ments, but not of the donor's serum, whereas if 2 weeks or more were allowed 
between  the injection and sacrifice of the donor animal, the reverse was true, 
antibodies appearing in the recipients  of the donor's serum, but not of the 
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The Time of Maturation of the Agglutinins to Dysentery  Bacilli.--The  data 
presented above are also of interest in relation to the probable  time of mat- 
uration or  completion  of the agglutinins produced  to dysentery bacilli.  As 
was indicated above, experiments  involving an interval of 3 days between the 
injection into the donor and the collection of its cells yielded time curves of 
antibody titer of the recipient's serum which resembled  that found after a 4 
day interval. In the case of a 2 day interval, however, antibody did not appear 
in the serum of the x-irradiated recipient  on the  1st day after transfer but 
rather on the 2nd,  and in the case of cells collected  from the donor 1 day 
after the injection of antigen, antibody did not appear in the x-irradiated re- 
cipient on the 1st or 2rid day after transfer but on the 3rd. 
It would appear, then, that a minimum time is required for the production 
of this antibody such that approximately 3 days must elapse from the time of 
stimulation of cells by the injected antigen to the development of detectable 
antibody under the conditions of these experiments.  Whatever portion of this 
time is not allowed the lymph node ceils for the performance  of their function 
in the donor animal is required  in the recipient  animal for the completion of 
the process which results in the appearance  of antibody. It should be empha- 
sized that the 3 day interval is measured until the appearance of antibody in 
sufficient amount to be detectable serologically in solution  in the volume of 
serum of the recipient. 
These considerations raise a question of interest regarding the rate of forma- 
tion of antibody within the antibody-forming cells. If antibody is released by 
these cells as its synthesis is completed,  then the interval of less than 3 days 
referred  to above would represent  the actual time of synthesis of antibody. 
However,  another possibility  which might be considered is that synthesis of 
agglutinins within antibody forming cells proceeds at a  rate which is only a 
fraction of the 2 day period,  with repetitions of the synthetic pattern and 
accumulation of antibody within the cell until the antibody is released by dis- 
ruption of the cell. The data currently available  offer no evidence as to the 
relative likelihood of these two possibilities. 
The Minimum Time for Maintenance of the Lymph Node Cells in the Donor 
Rabbit Consistent  with Effective  Transfer.--The  results of the experiments  in- 
volving decreasing intervals between  the injection of antigen into the donor 
animal and the collection of its lymph node cells for transfer are also of inter- 
est in another connection.  These experiments  had been set up  in order  to 
determine the minimum value of this interval for the collection of cells effective 
in the transfer phenomenon. The introduction of x-irradiation of the recipients 
to  the experimental  procedure  made it possible  to study intervals as short 
as  1 day or less, since  the amount of antigen inevitably transferred in ex- 
periments involving  such  short intervals did not lead  to active immuniza- 
tion in such recipients. As the interval was reduced from 24 hours to 16 hours S.  HARRIS  AND  T.  N.  HARRIS  285 
it was still  found that the transfer  of uninjured lymph node cells  to recipients 
was followed by the appearance of antibody in the latter.  The only differ- 
ence noted was an increase from 3 days to 4 days in the interval between 
the cell transfer and the appearance  of antibody in the recipients. As the 
interval was reduced further to 8, 3, or I hours and even 10 minutes, it was 
still  found possible  to remove the regional  lymph node cells  and transfer  them 
to x-irradiated recipients with  the resulting appearance  of dysentery  ag- 
glutinins  on the 4th day after transfer  (Figs.  5 and  6).  Because of the sur- 
prisingly low value of this last interval,  which was still  consistent with effec- 
tive transfer, it was especially important to examine the possibility of active 
immunization.  This  possibility  was,  however,  controlled  by  the  injection 
into  other  x-irradiated  recipients  of heated  portions  of  the  same  cell  sus- 
pensions without the appearance of antibody in the latter rabbits. The heated 
portions of these cell suspensions presumably contained,  in the case of each 
interval,  the  same amount  of transferred  antigen  as  the corresponding  un- 
heated  portions,  and  the  fact  that  the  antigenicity  of this  material  is  not 
destroyed by the heating of the cell suspension is indicated by the antibody 
appearing in the normal recipients of heated cell suspensions. 
It would appear,  then,  that in as short a  time as 10 minutes after the in- 
jection of antigenic material into the foot pad of the rabbit, cells can be ob- 
tained  from the popliteal  lymph node,  the  transfer of which  results in  the 
appearance of antibodies to that antigen in recipient animals. At the onset of 
this study it had been considered likely that a sequence of physiologic processes 
takes place in the tissues of the donor animal between the injection of antigen 
into  the donor and  the acquisition by the regional  lymph node cells of the 
property involved in the synthesis of antibody. Such a sequence would include 
entry of the injected bacteria into the lymphatic system, transport of these 
cells  v~  the  afferent  lymphatic vessel  to  the  regional  lymph  node,  break- 
down of the  bacterial  cell  by some physiologic process,  followed,  perhaps 
by enzymatic degradation of macromolecules thus released,  adsorption of such 
native or reduced macromolecules by the lymph node cells, and interaction of 
these molecules with some portion of the cell.  That  some such sequence of 
events could occur within  10 minutes, with resulting cells almost as effective 
in the transfer phenomenon as cells removed after a few days, seemed so im- 
probable as to raise  the question of whether  this  entire  sequence of events 
must occur in the tissues of the donor animal, or whether some portions of it 
could take place in the tissues of the recipient rabbit. The question was also 
raised as to whether some or all of this sequence might possibly take place 
in vitro. The results of experiments on this point will be presented in a subse- 
quent report (15). 
The data presented  in  this paper may also offer some evidence as to the 
longevity of the lymph node cells transferred.  On the assumption that these 286  STUDIES  ON  TRANSFER  OF  LYMPH  NODE  CELLS.  III 
ceils are concerned with the synthesis of the antibody found in the recipient's 
serum, the rising  titer of this antibody which is found for a  3 day or some- 
times a 4 day period after antibody appears would offer evidence of continuing 
metabolic activity by the  transferred  cells  for such  a  period  of time.  The 
addition to this interval of the period after  transfer  before measurable  anti- 
body can be found would suggest that the cells transferred can continue some 
function for at least 6 or 7 days after they are transferred. 
SUMMARY 
At various intervals,  from  10 minutes  to  21  days,  after  the  injection  of 
dysentery bacilli into the hind foot pads of rabbits the popliteal lymph nodes 
were excised. The cells of the lymph nodes were teased free, washed, and in- 
jected intravenously into normal rabbits.  In each case aliquots of the saine 
cell suspension were either incubated at 37°C. for 24 hours or heated at 52°C. 
for 20 minutes and then injected into other normal rabbits, as controls. 
In the case of lymph node cells obtained 4 or 3 days after the injection of 
antigen~ antibody was found in the serum of recipients on the 1st day after 
the transfer of untreated cells. The titer increased until the 3rd day and then 
began to decline after the 5th or 7th day. In the sera of recipients of incu- 
bated cells antibody was not found, except on occasion after the 4th day and 
in low titer. This late app~mnce of antibody was attributed to the presence 
of small amounts of antigen in the original  cell suspension. 
As  the  interval  between injection  of antigen  and  collection  of  cells  was 
increased beyond 4 days the effectiveness  of the transfer decreased  progres- 
sively until at 14 days no transfer effect was obtained. 
When cells which were obtained 2 days after the injection of antigen were 
transferred,  antibody appeared on the  2nd  day after  transfer and  then  fol- 
lowed the characteristic  curve, whereas in  the case of incubated  cells  anti- 
body did not appear until  the 3rd day after  transfer.  After the transfer of 
untreated  1 day cells antibody did not appear in the recipient until  the 3rd 
day, and then followed the type of curve seen with 21 3, and 4 day cells. Fol- 
lowing  transfer of incubated  1 day cells antibody also appeared on the 3rd 
day. 
To establish  the possibility of eliciting  the cell transfer effect as early  as 
1 day after the injection of dysentery bacilli,  recipient rabbits were x-irradi- 
ated 24 hours prior  to the injection of cells.  It was found that  in  the  sera 
of such recipients of untreated  cells antibody appeared on the 3rd  day fol- 
lowing  transfer, while irradiated recipients of incubated cells did not develop 
any measurable amounts of agglutinin for the first 10 days. 
It was concluded that a total of 3 days was required between the injection 
of antigen into the donor and the appearance of measurable antibody in the 
serum of the recipient, regardless of the fraction of that time spent by the cells 
in each of the animals involved, donor or recipient. s.  HARRIS AND T. N.  HARRIS  287 
Following  the  transfer  of  untreated  cells  removed  from  lymph node  as 
early as  10 minutes after the injection of antigen distal to  them, antibody 
could be  found in  the  sera  of x-irradiated recipients 4  days later,  whereas 
antibody  did  not  appear  following  the  transfer  of  heated  cells  to  such 
recipients. 
We are grateful to the Radiology  Department of the Graduate Hospital of the University 
of Pennsylvania  tor their generosity  in permitting us the use of their x-ray therapy machine 
throughout this study. Irradiation was administered  by Dr. J. J. Smith of that department. 
BIBLIOGRAPHY 
1.  Chase, M. W., Fed. Proc., 1951, 10, 404. 
2.  Chase,  M. W., in Pappenheimer,  A. M., Jr., The Nature and Significance of 
the Antibody Response, New York, Columbia University Press, 1953, 156. 
3.  Harris, S., and Harris, T. N., Fed. Proc., 1951, 10, 409. 
4.  Harris, S., Harris, T. N., and Farber, M. B., J. Immunol.,  1954, 72, 148. 
5.  Harris, T. N., Harris, S., and Farber, M. B., J. Immunol.,  1954, 72, 161. 
6.  Chase, M. W., personal communication. 
7.  Benjamin, E., and Sluka, E., Wion. klin. woch., 1908, 91, 311. 
8.  Hektoen, L., J. Infect. Dis., 1915, 17, 415. 
9.  Dixon, F. J., Talmsge, D. W., and Maurer, P. H., J. Immunol.,  1952, 68, 693. 
10. Taliaferro, W. H., and Taliaferro, L. G., J. Immunol.,  1951, 66, 181. 
I1.  Taliaferro,  W. H., Taliaferro,  L. G., and Janssen, E. F., J. Infect.  Dis.  1952, 
91, 105. 
12. Harris, T.  N.,  Harris,  S.,  Beale,  H.  D., and Smith, J. J., J. Exp. Med., 1954, 
100, 289. 
13. Harris, T. N. and Harris, S. J. Exp. Med. 1949, 90, 169. 
14. Topley, W. W. C., J. Path. Butt., 1930, 33, 339. 
15. Harris, T. N., Harris,  S., and Father, M. B., Proc. Soc. Exp. Biol. and Med. 1954, 
in press. 